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Reference to Pending Applications 

This application is not related to any pending applications. 

Reference to Microfiche Appendix 

This application is not referenced in any microfiche appendix. 

Technical Field of the Invention 

The present invention relates generally to regenerative thermal oxidizers for natural gas 
processing equipment. In particular, the present invention relates to an improved method and 
apparatus which oxidizes undesirable compounds residing within a liquid glycol based absorbent, 
regenerates said absorbent, reduces atmospheric pollution and conserves supplemental fuel 
consumption. 

Background of the Invention 

In 1990, the U.S. government issued the Clean Air Act Amendment (CAAA) listing 189 

hazardous air pollutants (HAPS). Hydrocarbons are among the contaminants listed, most notably 

the aromatics (benzene, toluene, ethyl benzene, and xylene) a.k.a. BTEXs causing a tremendous 

impact to the triethylene glycol (a.k.a. "TEG") dehydration industry. All other light hydrocarbons 

are considered contaminants and combined with BTEX's, are classified as volatile organic 

compounds (VOC's) or total hydrocarbons (THC's). 

1 



CONTAMINANTS : 

Glycol, as a hydrocarbon derivative (related alcohol compound), has an affinity for absorbing 
hydrocarbons. Present art glycol dehydration systems utilize a contactor tower to exchange natural 
gas and glycol under pressure. When natural gas is being dehydrated in a contactor, a certain 
5 percentage of it is absorbed into the glycol. This includes BTEX's and other hydrocarbons (e.g. 
paraffins, olefins, etc.). BTEX's are a primary concern because they have been classified as a 
carcinogen. Typical BTEX concentration in natural gas streams have been reported to range from 
< 100 to 1000 ppmv. 
CONTAMINANT SOURCES : 

W In a typical present art glycol dehydration system there are three main sources for 

^ atmospheric contaminants: 

S I Reboiler Exhaust: Reboiler exhaust of present art systems (stack) releases combustion 

J j byproducts to the atmosphere. The potential CAAA listed contaminants from these byproducts are 
G NOx,CO,andVOC's. 

fS; Flash Tank Vent Gas: The glycol regeneration unit flash tank of present systems is designed 

S to separate natural gas from the rich glycol stream. This occurs when a rich glycol stream pressure 
is decreased from a contactor operating pressure to a flash tank pressure (typically 50-75 psig). The 
potential CAAA contaminants are VOC's. The vent gas from the flash tank can be transported to 
a reboiler still column for eventual oxidation. 

20 
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REBOILER STILL EFFLUENT : 

In present art systems, a glycol regeneration reboiler' s primary purpose is to vaporize 
absorbed water to regenerate glycol. There is, however, still some of the hydrocarbons present in 
the glycol solution after leaving the flash tank which will vaporize in the reboiler. All of the 
vaporized products exit the glycol still column and are typically released to the atmosphere. If 
stripping gas is required, it also exits the still column with vaporized water and hydrocarbons. 

Attempts to reduce or eliminate the emission of undesirable compounds associated with 
glycol dehydration units and processes are known and represented in the art. For example: 

United States Patent No. 5,234,552 issued on August 10, 1993 to Robert McGrew and John 
P. Broussard discloses a vapor condenser connected to a glycol reboiler to prevent emissions of 
aromatic compounds from glycol dehydration from escaping into the atmosphere. Steam and 
vaporized hydrocarbons are directed into the vapor condenser where they are sprayed with 80 °F or 
below water. The water spray cools the steam and vaporized hydrocarbons so that a substantial 
portion of the vapors are changed to a liquid phase which is collected in an accumulator located 
below the vapor condenser. A water jacket surrounding a central cylinder of the vapor condenser 
tends to keep the condensed vapors in the liquid phase. The remaining vaporized hydrocarbons 
which are not condensed are drawn out of the accumulator and burned in a burner connected to the 
glycol reboiler. The steam and vaporized hydrocarbons in the glycol reboiler have an initial 
temperature in the range of 350° to 400 °F. 

United States Patent No. 5,520,723 issued on May 28, 1996 to Robert Jones Jr. discloses 
a method and system for reducing emissions from glycol dehydrators which employ a vapor-liquid 
contactor operated under ambient conditions to treat the organic vapors and liquids exiting from a 



condenser attached to the vapor vent of the glycol reboiler. A stream of the organic liquids is passed 
to the top of the contactor and allowed to descend in counter-current relation to the upward moving 
gas introduced at the bottom portion of the contactor. Liquids containing a relatively high content 
of hydrocarbons may be recovered from the bottom of the contactor, and vapors having a reduced 
content of organic emissions can be emitted directly to the atmosphere from the top of the contactor. 

United States Patent No. 5,824,836 issued on October 20, 1 998 to James Becquet discloses 
a system for lowering the ambient temperature of a vapor being produced from a glycol dehydrator 
unit, as well as a system for reducing the emissions of BTEX. Generally, the system comprises a 
condenser for condensing the vapor into a fluid phase and a gas phase, and a storage tank, fluidly 
connected to the outlet of the condenser. The system will also contain a pump member, operatively 
associated with the storage tank, adapted for pumping the fluid phase from the storage tank; and, an 
activating member adapted for activating the pump means after the fluid phase reaches a 
predetermined level within the storage tank. The system will include as part of the condenser 
member a turbine associated with a roof, with the roof being generally positioned over the condenser 
coils so as to shade the condenser coils. A method of recovering hydrocarbons from a vapor phase 
as well as lowering the ambient temperature is also disclosed. 

United States Patent No. 5,766,313 issued on June 16, 1998 to Rodney Heath discloses an 
apparatus for treating emissions from a reboiler used to remove glycol from water laden glycol 
wherein the emissions are condensed; pressurized and separated so that hydrocarbon vapors may be 
directed to a burner used to supply heat to a reboiler. Control apparatus is provided to combine fuel 
gas and the pressurized hydrocarbon vapors as needed to supply all of the fuel required by the 



burner. Also, separate apparatus is provided to control the movement of dry glycol in the apparatus 
and to pressurize the condensed emissions. 

United States Patent No. 5,352,115 issued on October 4, 1994 to Joseph M. Klobucar, 
subsequently assigned to Durr Industries, Inc. discloses a regenerative thermal oxidizer having 
regenerative heat exchangers including a heat exchange column formed of a body which defines at 
least one entire flow passage through the heat exchanger. The heat exchanger column assists in 
purging residual gas to be cleaned from the heat exchanger prior to that regenerative heat exchanger 
moving into a mode where it receives the cleaned gas. This reduces inadvertent emissions of gas 
to be cleaned to the environment. In one embodiment, a monolithic body includes all of the flow 
passages. In a second embodiment, a plurality of blocks are utilized to form the heat exchanger 
column. In a third embodiment, a number of cylindrical tubes are utilized. The heat exchanger 
columns preferably have 70-80% of their surface area used as the flow passages. 

United States Patent No. 5,22 1 ,523 issued on June 22, 1 993 to Bert M. Miles and Gary W. 
Sams, subsequently assigned to National Tank Company, discloses a system for controlling organic 
contaminants released from a regenerator during the process of liquid dehydration of natural gas 
where contaminants are vaporized mixture from the regenerator to a heater, heating the vaporized 
mixture in the heater, conducting the vaporized mixture from the heater to a liquid collection 
chamber where suspended liquid particles are separated out from the vaporized mixture, drawing the 
vaporized mixture from the liquid chamber using fuel gas as an aspirator, mixing atmospheric air 
with the vaporized mixture, and combusting the vaporized mixture in order to incinerate the 
vaporized mixture. 
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Given the limitations of the present art, what is needed is an improved method and article of 
manufacture to facilitate a one-step process which completely, or near completely, oxidizes effluent 
vapors emanated from a glycol based regeneration boiler. The present invention improves upon the 
present art by so doing and further eliminates the need to dispose of contaminant residuals. The 
invention additionally improves upon the art by eliminating the need to contend with the 
inefficiencies and potential failure of intermediate separators and pumps employed with prior art 
systems. The present art purportedly condenses a majority of still effluents. However, such 
condensed liquid is itself a contaminant which must be disposed of in a controlled manner. By 
contrast, the controlled oxidizing chamber of the present invention insures oxidation of undesirable 
effluents is complete and allows the unit to function in a superior manner to flare systems of the 
present art which present design structures of considerably less combustion efficiency. 

There also remains a need to utilize energy generated in the oxidation stage as heat energy 
for the regeneration reboiler. 
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Brief Summary of the Invention 

The present invention provides an apparatus and process which near completely oxidizes 
effluents comprised of undesirable combustible vapors and ambient condensed liquid. There are 
no residuals to dispose of, or intermediate separators and pumps to contend with. The controlled 
oxidizing chamber of the present invention oxidizer via temperature and forced draft burner controls 
ensures oxidation of effluents at a 99.0+% efficiency. 

The present invention is directed to an improved method and apparatus for oxidizing 
undesired compounds residing within a liquid glycol based natural gas processing system. 
Vaporized effluents exiting a reboiler chamber contain a certain amount of benzene, toluene and 
other volatile organic compounds (VOC's). Prior to entering the thermal oxidizer chamber of the 
instant invention, vapor outflow from a still column, which may be embodied as a reflux column, 
connected to the reboiler chamber is passed into and through a vaporizing heat exchanger which 
serves to revaporize any liquid in the outflow from the still / reflux column. By reducing the liquid 
inflow to the oxidizing chamber of the instant invention (or retaining the vapor form) oxidation is 
enhanced. A second feature of the heat exchanger is that it will contain a reservoir to contain any 
surges of liquid. Notwithstanding the fact that outflow from the still / reflux column should contain 
only water vapor and hydrocarbons, there are occasionally surges of liquid as the outflow from the 
vapor outlet is not steady state, but constantly changing. Once the vapor has passed through the 
vaporizing heat exchanger, it is directed to an inlet of the invention's thermal oxidizer combustion 
chamber. The oxidizer chamber contains a burner and also contains sufficient insulation to retain 
heat and encourage oxidization. Where the vaporizing heat exchanger is located adjacent the 
oxidizer, insulation can be reduced or removed to enhance heat exchange. 



Vaporized effluents are introduced into the oxidizer combustion chamber and then heated 
to a minimum temperature of 1500- 1600 °F, with such temperature maintained for exiting flue gas 
(oxidized products) via a temperature control throttling the supplemental fuel gas flow. The design 
of the instant invention's combustion chamber ensures the oxidation process is complete. As known 
to those skilled in the art, proper residence time and chamber design to accommodate such residence 
time, can be calculated based on the speed of flame propagation for the combustible vapors. 

The oxidizing combustion chamber is internally insulated to allow use of metals such as, but 
not limited to, carbon steel to be used as the shell or casing material with a specially designed 
reduced diameter section (throat) in the combustion chamber further enhancing the mixing process. 
This reduced diameter structure promotes more intimate contact between the combustibles and 
oxygen for a homogeneous solution. A combustion air blower provides a required air flow rate, and 
flue gas exit temperature is controlled by a temperature controller which controls fuel gas to the 
burner. These coordinated controls assure that required temperature will be maintained when the 
contaminant level in the foul inlet gas is low. 

The flue gas exits the combustion chamber at 90° angle to the burner combustion products 
flow axis. This redirection in flow serves as yet an additional mixing mechanism to improve the 
oxidation efficiency. 

Flue gas rising within a stack attached to the oxidizing chamber is also available to provide 
heat to a rich glycol absorbent prior to its introduction to the invention's reboiler. Such preheating 
is facilitated via a heat exchanger between the rich glycol and flue gas. 

In its preferred embodiment, the invention' s thermal oxidizer combustion chamber is integral 
with the glycol reboiler and surge tank. In an easily envisioned alternative embodiment, the thermal 
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oxidizer combustion chamber is housed with the reboiler only and the surge/ storage tank is a 
separate vessel 

An objective of the instant invention is to provide an apparatus and one step process by 
which glycol still effluent vapor and ambient condensed liquids are completely oxidized. 

A further objective of the instant invention is to provide an oxidation process sufficient to 
eliminate the need to dispose of residual contaminants. 

It is yet another objective of the instant invention to provide an apparatus and process by 
which intermediate flash tank and cold glycol to glycol heat exchanger(s) with present art glycol 
dehydration systems may be eliminated. 

An additional object of the instant invention is to reduce fuel costs associated with prior art 
dehydration systems by providing a secondary fuel source comprised essentially of vaporized 
effluents. 

It is yet a further objective of the instant invention is to provide an apparatus which may be 
easily retrofitted to any existing glycol dehydration unit. 

Another objective of the instant invention is to regenerate a liquid glycol based absorbent to 
increase its glycol concentration. 

A further object of the instant invention is to preheat incoming effluent via exiting 
combustion products to ensure any ambient condensed liquid is revaporized. 

It is a further object and purpose of the present invention to utilize energy generated in the 
oxidation stage as heat energy for the glycol regeneration reboiler. 

Other objects and further scope of the applicability of the present invention will become 
apparent from the detailed description to follow, taken in conjunction with the accompanying 
drawings wherein like parts are designated by like reference numerals. 



Description of the Drawings 

Figure 1 is a typical system schematic illustrating constituent components of a glycol 
dehydrating system which removes water from natural gas prior to the introduction of the present 
invention. 

Figure 2 illustrates the thermal oxidizer of the instant invention positioned within the existing 
footprint of reboilers utilized in conjunction with present art glycol dehydration systems. 

Figure 3 provides a detailed cross-sectional diagram which illustrates further detail of the 
invention's internal components as practiced in a preferred embodiment. 

Figure 4 illustrates a cross-sectional diagram of the instant invention as practiced in an 
alternative embodiment which comprises an optional glycol heat recovery section and further 
optional sparging or stripping pipe. 

Figure 5 is an illustration of the instant invention as practiced when eliminating intermediate 
separators and pumps associated with present art glycol dehydration systems. 
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Detailed Description of the Preferred Embodiment 

While the making and using of various embodiments of the present invention are discussed 
in detail below, it should be appreciated that the present invention provides for inventive concepts 
capable of being embodied in a variety of specific contexts. The specific embodiments discussed 
5 herein are merely illustrative of specific manners in which to make and use the invention and are not 
to be interpreted as limiting the scope of the instant invention. 

The claims and the specification describe the invention presented and the terms that are 
employed in the claims draw their meaning from the use of such terms in the specification. The 
same terms employed in the prior art may be broader in meaning than specifically employed herein, 
ft) Whenever there is a question between the broader definition of such terms used in the prior art and 
"7 S : the more specific use of the terms herein, the more specific meaning is meant. 
« = While the invention has been described with a certain degree of particularity, it is clear that 

yri many changes may be made in the details of construction and the arrangement of components 
O without departing from the spirit and scope of this disclosure. It is understood that the invention is 
15 not limited to the embodiments set forth herein for purposes of exemplification, but is to be limited 
X only by the scope of the attached claim or claims, including the full range of equivalency to which 
each element thereof is entitled. 

Figure 1 is a system schematic illustrating constituent components of a typical glycol 
dehydrating system which removes water from natural gas prior to the introduction of the present 
20 invention. In Figure 1, a liquid glycol based absorbent, such as but not limited to triethylene glycol 
or TEG, ethylene glycol, diethylene glycol, tetraethylene glycol or glycerin is passed in exchange 
with natural gas. The natural gas is dehydrated in a contactor tower 1.02. A certain percentage of 
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natural gas is absorbed into the glycol. A reboiler 1 .04 is utilized to drive off absorbed water from 
the glycol with effluent vapors exiting the reboiler 1.04 at arrow 1.06 containing a certain amount 
of volatile organic compounds (VOCs) including but not limited to benzene, xylene and toluene. 
Various configurations are known for contemporary glycol dehydration systems which include 
various pumps, skimmers and filters. 

There are several methods known to reduce the emission of these vaporized effluents. In one 
alternative, a further condenser / vapor recovery system is utilized. Another option is a vertical 
flaring of said emissions via air intake and burners. The present invention utilizes a thermal oxidizer 
to eliminate said vaporized effluents. While oxidizers have been utilized in the passed, the present 
invention is a modification and improvement over existing oxidizers and is disclosed in association 
with Figures 2 and 3. 

Also, in prior art systems, an external source of fuel gas is delivered to the reboiler as a fuel 
source for a burner for the boiler. The present invention eliminates this fuel gas source and burner 
as well as NOX and CO the burner would produce. 

Figure 2 illustrates the thermal oxidizer of the instant invention (hereinafter referred to 
synonymously as "RegeneDizer") as positioned within the existing footprint of a reboiler utilized 
in conjunction with typical glycol dehydration systems. Prior to entering the oxidizer combustion 
chamber 2.31 of the instant invention, vaporized effluents 2.16 rise within the invention's reboiler 
chamber 2.23 and enter a still column which may be embodied as a reflux tower 2.46 containing a 
condenser means 2.26. Uncondensed effluents exit the still tower 2.46 and enter into and through 
a vaporizer / heat exchanger 2.29 located in a thermal oxidizer vent stack 2.30 which serves to 
revaporize any liquid in the effluent outflow from the still / reflux tower 2.46. Heat generated from 
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the vaporizer / heat exchanger 2.29 acts to retain the effluent outflow in vapor form. Once the vapor 
is passed through the vaporizer / heat exchanger 2.29 it is next directed into the oxidizer combustion 
chamber 2.31 of the instant invention. The oxidizer chamber 2.31 contains a burner 2.43 and 
sufficient insulation 3.62 (Figure 3) to retain heat and encourage oxidation. 

As illustrated in Figure 2, the instant invention comprises in combination a reboiler chamber 
2.23 wherein a liquid glycol based absorbent 2.27 is heated to its boiling temperature to produce 
vaporized effluents 2.16. A condenser 2.26 wherein said vaporized effluents 2.16 are partially 
condensed, a vaporizer / heat exchanger 2.29 embodied within a thermal oxidizer vent stack 2.30 
wherein said vaporized effluents are first heated to re-vaporize ambient condensed fluids, a reservoir 
2.22 in communication with said vaporizer / heat exchanger 2.29 to contain surges of liquid, a 
thermal oxidizer combustion chamber 2.3 1 wherein said effluents are second heated to a temperature 
necessary to effectuate destruction of undesirable compounds, a heat recovery tube bundle 2.34 
wherein the external surface area and temperature of said heat tube bundle 2.34 are sufficient to raise 
a liquid glycol based absorbent in contact therewith to said absorbent's boiling temperature, a 
reboiler vent stack 2.37 from within which said second heated effluent may be vented into the 
atmosphere, a skid support structure 2.41 upon which to be mounted or otherwise affixed, and a 
surge storage tank 2.40 wherein said absorbent having yielded said vaporized effluent may be 
deposited. 

Figure 3 provides a detailed cross-sectional diagram which illustrates further detail of the 
invention's internal components as practiced in its preferred embodiment. 

In Figure 3 , a liquid glycol based absorbent 3 .27 containing undesirable compounds is heated 
within a reboiler chamber 3.23 to its boiling point. Said heating effectuates the production of 
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vaporized effluents 3.16. The glycol based absorbent 3.27 is first introduced to said reboiling 
chamber 3.23 via an entry port 3.47. According to Figure 3, the entry port 3.47 for the glycol based 
absorbent 3 . 1 6 is incorporated within a still / reflux tower 3 .46 when practicing the invention in its 
preferred embodiment. However, the entry port 3 .47 may be located elsewhere to allow for the entry 
of said absorbent 3.27 to the invention's reboiler chamber 3.23. The vaporized effluents 3.16 rise 
upwardly exiting the reboiler chamber 3.23 and entering the still / reflux tower 3.46 wherein they 
are partially condensed via a condenser means 3 .26 embodied within the interior of said still / reflux 
tower 3 .46. The uncondensed effluents are then transported to and first heated via a vaporizer / heat 
exchanger 3.29 located within the internal portion of a thermal oxidizer chamber vent stack 3.30. 
Said first heating revaporizing any ambient condensed liquids contained within said vaporized 
effluents. A reservoir 3.22 is integrated with said vaporizer / heat exchanger 3.29 to contain any 
surges of liquid accompanying said partially condensed effluents. The revaporized effluents 3.53 
are then transported and introduced to the invention's thermal oxidizer combustion chamber 3.31 
where they are second heated to a temperature necessary to effectuate destruction of undesirable 
compounds, such as, but not limited to, benzene, toluene, and xylene. The temperature necessary 
to effectuate destruction of said undesirable compounds through extensive testing has been found 
to require a minimum temperature between 1500°F - 1600°F. The thermal oxidizer combustion 
chamber 3.3 1 includes a burner 3.43 fed as necessary by supplemental fuel, such as but not limited 
to, natural gas. The quantity of flue gas entering the heat recovery section is controlled by a 
temperature controller in the reboiler, which sets the control valves (or shutters, or dampers, etc.) 
in the vent stacks in position for the required flow. A temperature control throttling mechanism well 
known and practiced in the art throttles the introduction of such supplemental fuel gas flow as 
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necessary to maintain the afore stated minimum temperature. The combustion chamber is also 
designed for proper residence time of said heated effluents to insure the oxidation process is 
complete. As known to those skilled in the art, proper residence time and chamber design to 
accommodate such residence time, can be calculated based on the speed of flame propagation for 
the combustible vapors. Insulation 3.62 located within the internal portion of the invention's 
combustion chamber 3.31 allows use of various metals as casing or shell material for the invention. 
A reduced diameter section 3.65 (synonymously referred to as "throat") of the combustion chamber 
3.31 enhances the mixing process of effluents traversing the chamber. Said reduced diameter section 
3.64 occurring generally half way along the horizontal axis of said combustion chamber 3.3 1 . 

Continuing with Figure 3. Second heated effluents 3.59 then traverse an optional reduced 
diameter section 3 .64 of the combustion chamber 3.31 to, and through, the internal portions of a heat 
recovery tube bundle 3.34. The words "tube bundle" as used herein is generic in nature and refers 
to a heat transfer system in which a hot medium is separated from the cooler medium by multiple 
tubes or pipes, coils or plates. The tube bundle is made removable to permit repair and/or 
replacement. Said traversing of said tube bundle 3.34 effectuates external tube surface temperatures 
sufficient to raise a liquid glycol based absorbent 3 .27 in contact therewith to its boiling temperature. 
Once traversing, the tube bundle 3.34 said second heated effluents 3.59 are then introduced to, and 
through, areboiler vent stack 3.37. Such introduction and traversing of said second heated effluents 
3.59 through the reboiler vent stack 3.37 allow for the exiting of said effluents at an approximate 90 ° 
angle thus effectuating a redirection and flow which serves as an additional mechanism to improve 
oxidation efficiency. 
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Also illustrated in Figure 3 are venting mechanisms (3.60, 3.62) commonly known and 
practiced by to those skilled in the art located in the oxidizer vent stack 3.30 and invention' s reboiler 
stack 3.37. Said venting mechanisms (3.60, 3.62) are controlled in a coordinated manner known to 
those skilled in the art with respect to the utilization of venting mechanisms to effectuate consistency 
of internal combustion chamber and tube bundle temperatures. 

Specifically, said venting mechanisms (3.60, 3.62) may be actuated whereby the venting 
mechanism located in the oxidizer vent stack 3.60 may be closed and the vent mechanism of the 
reboiler vent stack 3.62 may be open to induce greater heat absorption by the tube bundle 3.34. In 
contrast, the partial or complete closing of the venting mechanism in the reboiler vent stack 3 .62 and 
the opening of the vent mechanism in the oxidizer vent stack 3.60 would effectuate a lowering of 
temperature and heat transference to said tube bundle 3 .34. Methods of calculating the required heat 
transfer area, number of tubes and tube dimensions are well known to those skilled in the art and are 
readily available in publication form including "Introduction To Heat Transfer". Brown and Marco; 
"Process Heat Transfer" , Kern; "Heat Transmission" . Mc Adams; and "Crane Technical Paper 410" . 

In practical application, however, said venting mechanisms (3.60, 3.62) will be coordinated 
in such a manner so as to induce a partially open or partially closed positioning of both venting 
apparatuses so as to induce consistency with respect to temperatures of second heated effluents 3.59 
traversing said oxidizing chamber, tube bundle 3.34 and reboiler vent stack 3.37. 

Lean glycol exits the reboiler 3.23 into the surge (or storage) tank 3.40, which may be 
integrated with the reboiler 3.27 and thermal oxidizer combustion chamber 3.31 of the present 
invention, or may be a separate vessel If it is integrated with the reboiler 3.27 and thermal oxidizer 
combustion chamber 3.31a passage (pipe or other means) is provided in the surge tank 3 .40 to direct 
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second heated effluents into the heat recovery tube bundle 3.34. Such passage may be insulated to 
preclude any significant heat transfer from the hot gases into the lean glycol. 

The lean glycol concentration leaving the reboiler is dependant on the temperature and 
pressure in the reboiler. For example, triethylene glycol boiling at 400 °F, atmosphere pressure has 
a concentration of approximately 99 wgt. % TEG, 1% water (other glycols and other concentrations 
boil at different temperatures). 

Figure 4 illustrates a cross-sectional diagram of the instant invention as practiced in an 
alternative embodiment which comprises an optional glycol heat recovery section 4,64 and further 
optional sparging or stripping pipe 4.66. Turning now to Figure 4. 

In Figure 4 an optional heat exchanger 4.64 is shown through which a liquid glycol based 
absorbent containing undesirable compounds is first introduced and routed prior to entering the 
reboiler section of the instant invention 4.27, via input port 4.47. 

A higher concentration of glycol required for a dehydration system is sometimes desired. 
This higher concentration can be obtained by contacting the reboiler regenerated glycol with a 
suitable gas (sparging or stripping gas) which vaporizes and removes part of the residual water in 
the glycol. For triethylene glycol having the reboiler at 400 °F, atmospheric pressure, and then 
contacting with stripping gas, the concentration can be increased to 99.95 wgt% TEG, depending 
on the flow rate or stripping gas and efficiency of contact between the glycol and gas. 

In the present invention, the gas-glycol contact is accomplished in a horizontal tube (or pipe) 
called the sparging or stripping tube (or pipe) 4.66. Thermally regenerated lean glycol enters the 
sparging or stripping tube 4.66. Stripping gas flows through a pipe 4.85 (flow rate and/or pressure 
may be controlled) into the reboiler, passes through a heating tube submerged in the boiling glycol, 
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and enters a distributor pipe inside the sparging or stripping pipe 4.66. This distribution pipe is 
provided with holes to permit the stripping gas to pass from the distributor pipe into the sparging or 
stripping pipe. 

The glycol flows through the sparging or stripping pipe 4.66 at a controlled level (depth). 
The stripping gas, leaving the holes in the stripping pipe, bubbles through the glycol, vaporizing and 
removing some of the residual water. The stripping gas exits the top of the sparging or stripping 
pipe, flows into the still column, and exits the top of the still column with other gases and vapors 
which have removed from the inlet rich glycol. 

The degree of increase in the glycol concentration depends on the length of the sparger pipe 
4.66, the flow rate of the stripping gas, the temperature of the system, and depth of glycol in the 
sparger pipe, and size, quantity and location of the holes in the stripping gas pipe. Test data shows 
this to be an efficient, economical method of increasing the glycol concentration above normal 
reboiler conditions. For triethylene glycol, with reboiler operating at 400 °F atmospheric pressure, 
a stripping gas rate of 1 SCF/gal increased the glycol concentration to 99.6% and 2 SCF/gal 
increased the concentration to 99.8%. Higher concentration may be possible with a different glycol 
level and/or stripping gas distribution. The high concentration lean glycol exits the sparging or 
stripping pipe into the surge tank. 

While this invention has been described to illustrative embodiments, this description is not 
to be construed in a limiting sense. Various modifications and combinations of the illustrative 
embodiments as well as other embodiments will be apparent to those skilled in the art upon 
referencing this disclosure. It is therefore intended that this disclosure encompass any such 
modifications or embodiments. 
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Alternate Embodiments 

The foregoing description, for purposes of explanation, used specific nomenclature to provide 
a thorough understanding of the invention. However, it will be apparent to one skilled in the art that 
the specific details are not required in order to practice the invention. In other instances, well known 
circuits and devices are shown in block diagram form in order to avoid unnecessary distraction from 
the underlying invention. Thus, the foregoing descriptions of specific embodiments of the present 
invention are presented for purposes of illustration and description. They are not intended to be 
exhaustive or to limit the invention to the precise forms disclosed, obviously many modifications 
and variations are possible in view of the above teachings. The embodiments were chosen and 
described in order to best explain the principles of the invention and its practical applications, to 
thereby enable others skilled in the art to best utilize the invention and various embodiments with 
various modifications as are suited to the particular use contemplated. It is intended that the scope 
of the invention be defined by the following claims and their equivalents. 
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What Is Claimed Is : 

1 1 . An improved method of oxidizing undesirable compounds residing within a liquid 

2 based gas processing system comprising: 

3 (a) heating a liquid absorbent containing undesirable compounds within a reboiler 

4 chamber to its boiling temperature, which is a temperature above the boiling point of water and 

5 below the temperature of degradation of said absorbent, to produce vaporized effluents; 

6 (b) condensing said effluents within a condenser; 

7 (c) transporting residual uncondensed effluents to and through a vaporizer wherein said 

8 effluents are first heated to re-vaporize any ambient condensed liquids; 

g (d) transporting and introducing said re-vaporized effluents to a thermal oxidizer 

W combustion chamber wherein said effluents are second heated to a temperature necessary to 

Mj effectuate thermal destruction of undesirable compounds; 

(e) transporting and introducing said second heated effluents from said thermal oxidizer 
combustion chamber to and through the internal portions of a heat recovery tube bundle, said 

W introduction and transport generating external tube surface temperatures sufficient to raise a liquid 

fit glycol based absorbent in contact therewith to its boiling temperature; and 

16 (f) transporting said second heated effluent from said tube bundle to and through a 

1 7 reboiler vent stack. 

1 2. The method as set forth in Claim 1 wherein said absorbent is diethylene glycol 

2 (DEG). 
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1 3. The method as set forth in Claim 1 wherein said absorbent is triethylene glycol 

2 (TEG). 

1 4. The method as set forth in Claim 1 wherein said absorbent is one of a group of 

2 absorbents including ethylene glycol, tetraethylene glycol or glycerin. 

1 5. The method as set forth in Claim 1 wherein said undesirable compounds include 

2 benzene, toluene, ethylbenzene and xylene (BTEX). 

O 6. The method as set forth in Claim 1 further comprising the step of preheating said 

§1 absorbent prior to its introduction into said reboiler. 



% 7. The method as set forth in Claim 6 wherein the step of preheating said absorbent 

q| prior to its introduction into said reboiler is accomplished by said absorbent' s traversing of a heating 

3 means incorporated within a thermal oxidizer vent stack. 

1 8. The method as set forth in Claim 1 wherein said transporting and introducing said 

2 second heated effluents to and through the internal portions of a heat recovery tube bundle occurs 

3 at a controlled rate to regulate said external tube surface temperature. 



21 



1 9. The method of Claim 1 further comprising the step of sparging said absorbent while 

2 said absorbent traverses the internal portion of a sparging or stripping pipe located within said 

3 reboiler. 

1 1 0. The method of Claim 1 wherein the transporting of said partially condensed effluents 

2 to and through a vaporizer means further comprises the step of collecting non-vaporized effluents 

3 in a reservoir. 



I 1 1. An improved apparatus wherein liquid absorbent is heated to its boiling temperature, 
f which is a temperature above the boiling point of water and below the temperature of degradation 
S of said desiccant to produce vaporized effluents thereof and wherein said vaporized effluents are 
f4 condensed, comprising in combination: 

y5 (a) a condenser; 

Ml (b) a vaporizer within an oxidizer vent stack wherein said vaporized effluents are first 

y heated to re-vaporize ambient condensed liquids; 

y (c) a thermal oxidizer combustion chamber wherein said effluents are second heated to 

9 a temperature necessary to effectuate destruction of undesirable compounds; 
10 (d) a heat recovery tube bundle wherein the external surface temperature of said heat tube 

I I bundle is sufficient to raise a glycol based absorbent in contact therewith to said absorbent's boiling 

12 temperature; 

13 ( e ) a thermal oxidizer vent stack from within which said second heated effluent may be 

14 vented into the atmosphere; and 
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(f) a burner with temperature control means to maintain said effluents introduced to said 
thermal oxidizer at a temperature of not less than 1500°F at atmospheric temperature. 



12. The apparatus of Claim 1 1 wherein said vaporizer further comprises a reservoir to 
contain liquid. 

13. The apparatus of Claim 1 1 further comprising a skid support structure. 

14. The apparatus of Claim 1 1 wherein said absorbent is glycol. 

15. The apparatus of Claim 1 1 wherein said absorbent is diethylene glycol (DEG). 

1 6. The apparatus of Claim 1 1 wherein said absorbent is triethylene glycol (TEG). 

17. The apparatus of Claim 1 2 wherein said absorbent is one of a group of absorbents 
including ethylene glycol, tetraethylene glycol or glycerin. 

18. The apparatus of Claim 11 further comprising a pre-heater means wherein said 
absorbent is preheated prior to its introduction to said reboiler. 



1 9. The apparatus of Claim 1 1 further comprising at least one sparge pipe in contact with 
said absorbent within said reboiler. 
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20. The apparatus of Claim 1 1 wherein said preheating means is a heat exchanger heated 
by said second heated effluents attempting to exit said thermal oxidizer vent stack. 



1 21. The apparatus of Claim 11 including a surge storage tank for deposit of liquid 

2 absorbent positioned independent of said thermal oxidizer and said reboiler. 

1 22. The apparatus of Claim 1 1 wherein said oxidizer vent stack and said vaporizer vent 

2 stack further each comprise a venting means to assist in the increasing or decreasing of temperature 
® within said reboiler. 

3j 23. The apparatus of Claim 11 further comprising heat insulation material generally 

y2 attached to and throughout the heated internal portions of said apparatus. 

H 24. The apparatus of Claim 1 1 further comprising a spark arresting means attached to said 

?2 thermal oxidizer chamber to extinguish sparks attempting to escape therefrom. 
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OXIDIZING TINDESIRED COMPOUNDS RESIDENT WT THIN LIQUID ABSORBENT 
COMPOUNDS. REDUCING ATMOSPHERIC POLLUTION. REGENERATING 
A LIQUID ABSORBENT AND CONSERVING FUEL USAGE 
ASSOCIATED WITH REBOILER UTILIZATION 

Abstract of the Disclosure 

An improved method and apparatus for oxidizing undesired compounds residing within a 
liquid glycol based absorbent wherein the compounds are heated within a reboiler chamber to their 
boiling point to effectuate the production of vaporized effluents. Once so heated the absorbent 's 
vaporized effluents rise upwardly exiting the reboiler chamber and enter a reflux tower wherein they 
are partially condensed via a condenser means embodied within the interior of the tower. The 
residual uncondensed effluents are then transported to and first heated via a vaporizer / heat 
exchanger in heat exchange, thus effectuating the vaporization of any ambient condensed liquids 
contained within the effluents. The revaporized effluents then enter the invention's thermal oxidizer 
combustion chamber where they are second heated to a temperature necessary to effectuate 
destruction of undesirable compounds, such as but not limited to benzene, toluene and xylene. The 
combustion chamber includes a burner fed as necessary by supplemental fuel, such as natural fuel 
gas. A temperature control throttling mechanism throttles the introduction of such gas as necessary 
to maintain the temperature necessary to effectuate and maintain destruction of undesirable 
compounds. A specially designed reduced diameter section of the combustion chamber enhances 
the mixing process of effluents traversing the chamber. The combustion chamber is in fluid 
communication with a plurality of tubes which pass through the reboiler. The tube bundle generates 
external tube surface temperatures sufficient to raise a liquid glycol based absorbent in contact 
therewith to its boiling point. The second heated effluents are then introduced to and through a 
thermal oxidizer vent stack allowing for the exiting of said effluents from the combustion chamber 



at 90° angle to effectuate a redirection of flow which serves as an additional mechanism to improve 
oxidation efficiency. Venting mechanisms located in the invention's still / reflux tower and oxidizer 
vent stack are controlled in a coordinated manner to ensure temperature consistency of effluents 
traversing the invention' s internal combustion chamber and tube bundle. An alternative embodiment 
of the present invention would allow the further utilization of an optional glycol heat recovery 
section and/or sparging or stripping pipe whereby rich glycol containing undesirable compounds is 
first introduced and routed through the optional heat exchanger, prior to entering the reboiler section 
of the instant invention. The optional sparging or stripping pipe of the invention provides a means 
by which stripping gas percolates through a regenerated liquid glycol based absorbent to vaporize 
and remove water. The stripping gas then exits through the top of the sparging or stripping pipe 
where it meets and mixes with other gases and vapors. 



o o © o 

ip « °o • "o 

?oO°»0°© 

h7 m o. *o 

[ e o n o o 



'0. 0 o0. 0 =0. 0 .0. 0 =0. 0 .0°.0. 0 .0. 0 3, 
. *o. *o . •o.*o,*o.*o. 'O . *o 

> o « o © o © o © o © o © - ft " " 

) a °o »°o .°o • °o . °0 o °o 

>0.°o0. 0 oO, 0 o0. 0 oO.°oO f 0 o< 

> ,<o. *o. •o. *o. "o. *o 

> ejo o _ o o © o_o o _ o c> o 
7 n " " " V 



CO 
CO 






: )^0.°oO.°oO. 0 oO. 0 ©O. 0 cO # C 
- *o . *o . *o. 'o. *o. *o . *t 

, ^ : p£o °©o °©o °o °oo.°oo.°o 

^, e 0 o o © o o o.o o o 



o ~ o 



0V\. *\>. *o. "o. 'o. 'o 

X\ °o° °e! e e! °o° °o! 



\H>°©0°©0 0 © 

\-,°o. e oo°o 

\0°«0 0 oO°o 

\- *o. -o. -o 

^ *" ^ 0 • O ° C 
°©0 0 oO°c 

•o. *o. -o 

o o © o e 

?o • O o O 
m n n 



H°©o, 0 ©o. 0 ©o.°©;N 

[|o» *o. *o, 'o i\ 

o © o o © o o 
D o °o • °0 o °o 

\0.°oO # °oO.°o 



I hrcro. • orr 3 to. o. # o ; s 




CO 




Applicant or Patentee: PARVIZ KHOSROWYAR Attorney's Docket No. 

Serial or Patent No: KHO820/99482 
Filed or Issued: Customer No. 24 ? 1 18 

For: OXIDIZING UNDESIRED COMPOUNDS RESIDENT WITHIN 

LIQUID ABSORBENT COMPOUNDS, REDUCING ATMOSPHERIC 
POLLUTION, REGENERATING A LIQUID ABSORBENT AND 
CONSERVING FUEL USAGE ASSOCIATED WITH REBOILER UTILIZATION 

VERIFIED STATEMENT (DECLARATION) 
CLAIMING SMALL ENTITY STATUS 
[37 CFR SECTION 1.9 (f) and SECTION 1.27 (b)] 
INDEPENDENT INVENTOR 

As a below named inventor, I hereby declare that I qualify as an independent inventor as defined in 
37 CFR 1 .9 (c) for purposes of paying reduced fees under Section 41 (a) and (b) of Title 35, United 
States Code, to the Patent and Trademark Office with regard to the invention entitled: 

OXIDIZING UNDESIRED COMPOUNDS RESIDENT WITHIN 
LIQUID ABSORBENT COMPOUNDS, REDUCING ATMOSPHERIC 
POLLUTION, REGENERATING A LIQUID ABSORBENT AND 
CONSERVING FUEL USAGE ASSOCIATED WITH REBOILER UTILIZATION 

described in: 

[X] the specification filed herewith. 

[ ] Application Serial No. filed . 

[ ] Patent No. issued . 

I have not assigned, granted, conveyed or licensed and am under no obligation under contract or law 
to assign, grant, convey or license any rights in the invention to any person who could not be 
classified as an independent inventor under 37 CFR 1 .9 (c) if that person had made the invention, 
or to any concern which would not qualify as a small business concern under 37 CFR 1 .9 (d) or a 
nonprofit organization under 37 CFR 1.9 (e). 

Each person, concern or organization to which I have assigned, granted, conveyed, or licensed or am 
under an obligation under contract or law to assign, grant, convey or license any rights in the 
invention is listed below: 

[X] no such person, concern, or organization 

[ ] persons, concerns or organizations listed below* 

* NOTE: Separate verified statements are required from each named person, concern or 
organization having rights to the invention averring to their status as small entities. [37 CFR 1 .27]. 



FULL NAME: 
ADDRESS: 



[X] INDIVIDUAL 

[ ] SMALL BUSINESS CONCERN 

[ ] NONPROFIT ORGANIZATION 



FULL NAME: 
ADDRESS: 



] INDIVIDUAL 

] SMALL BUSINESS CONCERN 
] NONPROFIT ORGANIZATION 



FULL NAME: 
ADDRESS: 



] INDIVIDUAL 

] SMALL BUSINESS CONCERN 
] NONPROFIT ORGANIZATION 



I acknowledge the duty to file, in this application or patent, notification of any change in status 
resulting in loss of entitlement to small entity status prior to paying, or at the time of paying, the 
earliest of the issue fee or any maintenance fee due after the date on which status as a small entity 
is no longer appropriate. [37 CFR 1.28(b)]. 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further, that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and that 
such willful false statements may jeopardize the validity of the application, any patent issuing 
thereon, or any patent to which this verified statement is directed. 



NAME OF FIRST INVENTOR: PARVIZ KHOSROWYAR 



SIGNATURE: 




Date: 




DECLARATION AND POWER OF ATTORNEY 



Attorney Dkt.KHO820/99482 
Customer No. 24,118 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and 
joint inventor (if plural names are listed below) of the subject matter which is claimed and for which a patent 
is sought on the invention entitled: 

OXIDIZING UNDESIRED COMPOUNDS RESIDENT WITHIN 
LIQUID ABSORBENT COMPOUNDS, REDUCING ATMOSPHERIC 
POLLUTION, REGENERATING A LIQUID ABSORBENT AND 
CONSERVING FUEL USAGE ASSOCIATED WITH REBOILER UTILIZATION 

Jhe specification of which (check one) 

fX] is attached hereto. 

| p was filed on as Application Serial No. . 

jjhereby state that I have reviewed and understand the contents of the above identified specification, 
including the claims, as amended by any amendment referred to above. 

IJacknowledge the duty to disclose information which is material to the patentability of this application in 
iecordance with Title 37, Code of Federal Regulations, Section 1.56 (a). 

IJiereby claim foreign priority benefits under Title 35, United States Code, Section 119 of any foreign 
If)plication(s) for patent or inventor's certificate listed below and have also identified below any foreign 
application for patent or inventor's certificate having a filing date before that of the application to which 
priority is claimed: 



PRIOR FOREIGN APPLICATION(S) 



(Number) 



(Country) (Day/month/year filed) 



Priority Claimed 

[] t] 

Yes No 



(Number) (Country) (Day/month/year filed) 



[] [] 

Yes No 



[] t] 

(Number) (Country) (Day/month/year filed) Yes No 



I hereby claim the benefit under Title 35, United States Code, Section 119(e) of any United States 
provisional application(s) listed below: 

Provisional Application Number Filing Date 



(Number) (Day/Month/Year Filed) 



(Number) (Day/Month/Year Filed) 



(Number) (Day/Month/Year Filed) 



I hereby claim the benefit under Title 35, United States Code, Section 120 of any United States 
application(s) listed below and, insofar as the subject matter of each of the claims of this application is not 
disclosed in the prior United States application in the manner provided by the first paragraph of Title 35, 
CUnited States Code, Section 112, 1 acknowledge the duty to disclose which is material to patentability 
^formation as defined in Title 37, Code of Federal Regulations, Section 1 .56 (a) which occurred between 
;-fhe filing date of the prior application and the national or PCT international filing date of this application: 

ri(Appl. Serial No.) (Filing date) (Status) (patented, pending, abandoned) 



£|AppL Serial No.) (Filing date) (Status) (patented, pending, abandoned) 

hereby declare that all statements made herein of my own knowledge are true and that all statements made 
a}n information and belief are believed to be true; and further that these statements were made with the 
2|nowledge that willful false statements and the like so made are punishable by fine or imprisonment, or both, 
"under Section 1001 of Title 18 of the United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued thereon. 

POWER OF ATTORNEY: As named inventor, or named inventors, I (We) hereby appoint the attorney(s) 
and/or agent(s) presently listed in our Customer Nos. 28, 1 1 2, 2495 1 (Arkansas) and 24,950 (Oklahoma City) 
all members duly authorized to practice law. Further, all foregoing attorneys are authorized to prosecute this 
application to register, to transact all business in the Patent and Trademark Office in connection therewith, 
and to receive the Letters Patent Document, if issued. 



SEND CORRESPONDENCE AND TELEPHONE CALLS TO: 



Mark G. Kachigian 
Head, Johnson & Kachigian 
228 West 17 th Place 
Tulsa, Oklahoma 741 19 
(918) 587-2000 
Customer No. 24,118 



Full name of first or sole inventor: PARVIZ KHOSROWYAR 



Inventor's signature: 

Residence: 
^Citizenship: 
y?ost Office Address: 




DATE 



Tulsa, Oklahoma 
United States of America 
1007 East Admiral Boulevard 
Tulsa, Oklahoma 74120-1354 



